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Introduction
Bearings manufactured from cold roll bonded (CRB) Al/AlSn/Al/ steel composite materials possess superior tribological wear and strength characteristics making them the ideal choice for both passenger car and truck vehicle bearings in the automotive manufacturing industry. The Al-Sn alloy is cold roll bonded to the steel via an aluminium foil ( Fig. 1) . The aluminium foil surface layer serves to provide a good bonding agent between the aluminium alloy and the steel. However the bearings unique properties can be influenced by the many steps applied during the complex industrial manufacturing process [1] . Steps such as surface preparation and condition, contaminants and oxides formation leading to a possibility of slight changes in elemental composition which could contribute to bond failure.
The aim of the present work was to perform phase analysis in order to elucidate the possible formation of oxide phases at the surface or at the interfaces, when water was sprayed onto the surface of the steel pre cold roll bonding or when linishing debris was deliberately introduced to the surface of the linished steel pre cold roll bonding.
Steel Foil
Annealed alloy Figure 1 . Microsection of an annealed bimetal sample
Experimental
An aluminium alloy free CS1 type steel (0.06 wt% C, 0.45 wt% Mn) and samples of cold roll bonded steel bimetal alloys (MAS15 (Al-20w%Sn-1w%Cu) and MAS16 (Al-20w%Sn-1w%Cu-0.25w%Mn)) were fabricated at different conditions at MAHLE Engine Systems UK Ltd., Kilmarnock, U.K. The characteristics of samples are given in Table 1 
Results and discussion

X-ray diffraction results
Powder XRD of samples are shown in Fig. 3 . of the X-rays is roughly 20 μm meaning that the above statement, that no oxide or impurity phases were found to be present, is only valid for the bulk material and not for a potential effect on the surface ~0.1 μm.
The main peaks in the X-ray diffractograms of bimetal samples 2, 3 and 4 can also be undoubtedly assigned. The main peaks in all 3 samples were assigned to bcc α-Fe, fcc Al and β-Sn. This is consistent with the samples analysed as the main compositions of bimetal samples 2, 3 and 4 is aluminium, steel and incorporated tin. The effect of alloying elements such as Mn and Cu however, have not clearly been detected in the diffractograms.
Mössbauer results
The Mössbauer spectra of samples are shown in Figs. 4-7 . The Mössbauer parameters are depcted in Table 2 . The main sextet in 57 Fe Mössbauer spectrum of sample 1 is the fingerprint of solid solution α-Fe, corresponding to the sextet illustrated in Fig. 4 and well expected for the very low alloyed CS1 steel. A minor doublet also appears in the Mössbauer spectrum. The
Mössbauer parameters of this doublet subspectrum can be associated with paramagnetic (or superparamagnetic) iron oxides or iron oxyhydroxides [3] , most probably with the so called "amorphous oxide", ferrihydrite. This is in keeping the findings of Ganguly et al [4] .
Ferrihydrite has already been identified as corrosion product on the surface of steels under various circumstances [5] [6] [7] . These phases can often be formed on the surface of iron in air or under corrosive conditions. Mössbauer spectroscopy reveals that less than 4% iron oxide/oxyhydroxide is present on the very surface (below 0. were observed between the occurrences of iron-oxide/oxyhydroxides in the different bimetal alloys. About 4% of this phase was detected for both sample 1 (the linished steel) and sample 15% in sample 3 (the deliberate debris) and 6% in sample 4 (the NCR bimetal). Since the debris is present in a more concentrated form in sample 3, this was used to assign the major phase of the debris to iron oxide/oxyhydroxides, especially to ferrihydrite whose poor crystalline "amorphous" character would be consistent with the fact that these phases could not be detected in the XRD analysis. The relatively high percentage amounts of this phase detected for sample 3 is purely due to an excessive amount of debris deliberately placed on the steel surface to exaggerate the effect at the bond interface.
Ferrihydrite, a naturally occurring compound, is regarded as one of the eight major iron oxide/oxyhydroxides [8] . Its exact structure is still a matter of controversy within the literature. Due to its poor crystallinity it is difficult to obtain its structure by X-ray diffraction. Zhao et. al [12] conducted a study on ferrihydrite that used XRD, TEM, X-ray absorption fine structure (XAFS) and Mössbauer spectroscopy performed at a temperature of 12 K that showed evidence of coordination unsaturated sites, believed to be tetrahedral, and present at the surface of the ferrihydrite. It may therefore be that when water is present at the surface of the steel chemisorption takes place and introduces a hydroxide ligand to the available coordination unsaturated site. This extra ligand would thus change the asymmetric electronic charge distribution accounting for the difference in quadrupole splitting for the sample with water present on the steel surface. This would also account for the ionic charge on the iron remaining the same and thus not affecting the measured isomer shift for sample 3.
If a ferrihydrite phase is present on the steel surface it can prevent nascent dissimilar metal contact and thus result in reduced bond strength. Some authors (e.g. Quadir et al [13] ) believe the oxide layer to function as the brittle cover layer and aid bonding due to its brittle, high hardness value, causing the oxide layer to crack readily exposing nascent material underneath. However this only appears to be the case when the oxide layer described is thick due to anodization, as atmospheric oxidation has been reported to reduce bond strength [14, 15] . This study shows that of the about 1000 Å of the steel surface (monitored by the CEMS) only 4% of the linished steel comprised of an iron oxide/oxyhydroxide, which would not be enough, alone, to account for the cracks that appear in the surface of the steel during CRB. Therefore the key factor in facilitating a good bond by nascent metal exposure is by sufficiently work hardening the surface to obtain a brittle cover layer. 
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